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(54) Semiconductor laser device 

(57) A semiconductor laser has a stripe of semicon- 
ductor active layer (4) for receiving current from a pair of 
electrode for lasing operation. The end region in the 
vicinity of both the facets of the active layer (4) does not 
receive current from the electrode. The interfaces (2A, 



2B) between the end portions and the central portion 
receiving current are slanted from the plane normal to 
the optical axis (3) of the laser, for stable mode opera- 
tion of the laser device. 
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(54) Semiconductor laser device 

(57) A semiconductor laser has a stripe of semicon- 
ductor active layer (4) for receiving current from a pair of 
electrode for lasing operation. The end region in the 
vicinity of both the facets of the active layer (4) does not 
receive current from the electrode. The interfaces (2A, 
2B) between the end portions and the central portion 
receiving current are slanted from the plane normal to 
the optical axis (3) of the laser, for stable mode opera- 
tion of the laser device. 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

TTie present invention relates to a semiconductor 
laser device and, more particularly, to an improvement 
of a semiconductor laser device having a non-current 
area at an end portion of an active stripe region. 

(b) Description of the Related Art 

An optica) amplifier having an erbium(Er)-doped 
optical fiber is widely used in recent years. A high output 
power semiconductor laser which lases at a 1480nm or 
980nm wavelength is generally used as a light source 
for excitation of the optical amplifier of this type. The 
demand for the high output power laser devices has 
risen more and more due to the wider range usage of 
the high output power laser. 

It is generally known that the laser facet melts down 
when the semiconductor laser is driven at a high output 
power. This melt down phenomenon is called cata- 
strophic optical damage (COD), and suddenly stops the 
operation of the laser device. The COD phenomenon is 
one of the factors to obstruct the higher output power of 
the semiconductor laser device used for excitation of 
the optical amplifier. 

The mechanism for the generation of the COD is 
considered as follows. When a facet of the active layer 
in the semiconductor laser device rises in temperature, 
the bandgap of the active layer narrows in that portion, 
which in turn absorbs more light due to the narrowed 
bandgap to further rise in temperature. The temperature 
rise thus generated accelerates the deterioration of the 
facet of the active layer. In short, non-radiation recombi- 
nation center formed in the facet is the core of the gen- 
eration of the COD. 

One of the measures for prevention of a COD fail- 
ure is, as shown in Fig. 1, to provide a small area 51 in 
the vicinity of the output facet or both the facets of the 
semiconductor laser, in which current is not injected. 
The small area may be 25^m in length as viewed in the 
direction of the optical axis of the stripe active layer 52. 
Thus, since there is no non-radiation recombination cur- 
rent component in the laser device which has the non- 
current area 51 in the facet, temperature rise is pre- 
vented at the facets, thereby maintaining a high resist- 
ance against the COD failure. 

In general, when the current injected in the active 
layer is increased, the peak gain of the laser gradually 
shifts toward the lower wavelength, which causes a so- 
called "mode hopping" phenomenon, wherein the lasing 
mode discontinuously jumps to an adjacent Fabry-Perot 
mode. The wavelength interval by which the lasing 
mode hops generally coincides with the mode interval 
defined by the laser length. 



However, in the semiconductor laser device which 
has the above-mentioned non-current area, it is often 
observed that the interval of the mode hopping reaches 
dozens of times the mode hopping defined by the laser 

5 length. In other word, the laser device which does not 
have the non-current area jumps toward a lower wave- 
length by a small amount with the increase in the 
injected current, whereas the semiconductor laser 
device which has a non-current area does not show 

10 change in the lasing wavelength for a longer period and 
then shows a sudden, large mode hopping, thereby 
causing an unstable lasing mode with respect to the 
specified injected current. The unstable lasing mode is 
an obstacle against the employment of the laser device 

is as an excitation source of an optical amplifier. 

SUMMARY OF THE INVENTION 

It is an abject of the present invention to provide a 

20 high output power semiconductor laser device which is 
suited to excitation of an optical amplifier having an Er- 
doped fiber and which has a non-current area and is 
capable of operating at a stable lasing mode with 
respect to specified injected current, thereby achieving 

25 a high resistance against a COD failure. 

The semiconductor laser according to a first aspect 
of the present invention comprises a semiconductor 
substrate, a stripe of a semiconductor active layer over- 
lying the semiconductor substrate, a pair of cladding 

30 layer sandwiching the active layer, and a pair of elec- 
trodes for supplying current into the active layer through 
the cladding layer, the active layer including a current 
injection area into which current is injected through an 
adjacent portion of the cladding layer and at least one 

35 non-current area into which current is not injected 
through an adjacent portion of the cladding layer, the 
current injection area and the non-current area being 
disposed consecutively in a direction of the stripe and 
defining an interface slanted from a plane normal to the 

40 stripe. 

The semiconductor laser device according to a sec- 
ond aspect of the present invention comprises a semi- 
conductor substrate, a stripe of a semiconductor active 
layer overlying the semiconductor substrate, a pair of 

45 cladding layer sandwiching the active layer, and a pair of 
electrodes for supplying current into the active layer 
through the cladding layer, the active layer having at 
least one facet slanted from a plane normal to the stripe. 
In a preferred embodiment of the present invention, 

so the non-current area is disposed in the vicinity of one of 
the facets or each facet of the semiconductor laser 
device, i.e., one or both the end portions of the semicon- 
ductor laser as viewed in the direction of the optical axis 
of the semiconductor laser. 

55 K is possible to provide the boundary between the 
current injection area and the non-current area by the 
structure of the electrode for injecting current into the 
active layer in the vicinity of the end of the electrode as 
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viewed in the direction of the optical axis of the stripe 
active layer. Or else, it is possible to provide the bound- 
ary by the facet shape of the dielectric (insulating) layer 
disposed between the active layer and the electrode for 
injecting current into the active layer. Or alternatively, it 5 
is possible to provide the boundary by defining the facet 
shape of the stripe active layer. 

In the present invention, there is no limitation in the 
materials for the semiconductor laser device, and exam- 
ples of such materials include GaAs, InP, GaP, GaN or 
compound semiconductors based on these materials. 

The present inventors considered that the problem 
mode hopping can be solved by removing the light com- 
ponent reflected by the boundary between the current 
injection area and the non-current area from the lasing 
of the laser device and that the removal of such a light 
component can be obtained by slanting the boundary in 
the active layer from the plane normal to the optical axis 
of the laser device. 

When current is injected for lasing into the laser 
active layer, the refractive index of the active layer is 
reduced due to the plasma effect. Accordingly, there is 
a small difference in refractive index between the cur- 
rent injection area, into which current is injected, and 
the non-current area into which current is not injected. 
The conventional laser device having a non-current 
area has an equivalent reflective plane at the boundary 
between the current injection area and the non-current 
area. 

It is assumed that a conventional laser device has a 
total length of 800nm and comprises a pair of non-cur- 
rent areas, each of which has a length of 25nm in the 
direction of the optical axis of the laser device, at both 
the facets of the active layer, as shown in Fig 1. In this 
case, the semiconductor laser device equivalents has 
three additional lasers each having a length of 750jim or 
775nm, in addition to the original laser of 800|xm in 
length. The present inventor considered that the Fabry- 
Perot modes defined by the lengths of the three addi- 
tional lasers thus mixed to the original laser generate a 
groan, which corresponds to the ripples on the Fabry- 
Perot mode curve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic top plan view of a conventional 
semiconductor laser device; 
Fig. 2 is a schematic top plan view of a semicon- 
ductor laser device according to a principle of the 
present invention; 

Figs. 3A and 3B are graphs for showing the spec- 
trum of the Fabry-Perot modes of a laser device 
having no non-current area, Figs. 3C and 3D are 
graphs showing, similarly to Figs. 3A and 3B, the 
spectrum of another laser device having a non-cur- 
rent area; 

Fig. 4 is a perspective view of a semiconductor 
laser device according to a first embodiment of the 



present invention; 

Fig. 5 is a graph showing a spectrum of the semi- 
conductor laser device of Fig. 4; 
Fig. 6 is a schematic top plan view of a semicon- 
ductor laser device according to a modified first 
embodiment; 

Fig. 7 is a top plan view of a semiconductor laser 
according to another modified first embodiment; 
Fig. 8 is a schematic top plan view of a semicon- 
ductor laser device according to a second embodi- 
ment of the present invention: and 
Figs. 9A and 9B are sectional view taken along A-A' 
and B-B' in Fig. 8. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to Fig. 2, there is shown a semiconductor 
laser device according to the principle of the present 
invention, wherein the laser device has a current injec- 
tion area 1 into which current is injected from an elec- 
trode not shown and a pair of non-current areas 2 into 
which current is not injected from the electrode. The 
non-current areas 2 are disposed in the vicinity of both 
the facets of a stripe laser active layer 4 of the laser 
device. Each of the boundaries 2A and 2B between the 
current injection area 1 and the non-current areas 2 is 
slightly inclined or slanted from the plane normal to the 
optical axis 30 in the counter-clockwise direction. 
Among the light components 3A or 3B reflected at the 
boundary 2A or 2B, the light components which couple 
with the stripe active layer 4 are reduced by the slant of 
the boundary 2A or 2B. 

Accordingly, a laser mode other than the Fabry- 
Perot mode originally designed by the total length of the 
laser device cannot be maintained for lasing. The laser 
device of the present embodiment does not have ripples 
in the Fabry-Perot mode and operates in a stable hop- 
ping mode similarly to a conventional semiconductor 
device having no non-current area, while having advan- 
tages of the conventional semiconductor laser having a 
non-current area. 

Referring to Figs. 3A to 3D each showing a spec- 
trum diagram of a semiconductor laser device, the 
Fabry-Perot problem will be described in more detail for 
facilitation of understanding of the present invention. In 
these figures, gain of the laser device is plotted on ordi- 
nate against the wavelength of the laser plotted an 
abscissa. 

Fig. 3A shows a spectrum diagram for a conven- 
tional laser device of 750jim in length having no non- 
current area into which current is not injected, wherein 
the spectrum is measured under a bias current of 0.9 
times the threshold current of the laser device. As 
understood from the figure, the spectrum has a moder- 
ate mound in the vicinity of 976nm (shown as "A axis") 
and falls toward both sides of the mound, reflecting the 
gain profile of the laser active layer. Fig. 3B is an par- 
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tially enlarged profile of Fig. 3A in the vicinity 976nm 
wavelength. The enlarged profile clearly shows a plural- 
ity of Fabry-Perot modes having a wavelength interval 
"d" of 0.1 8nm between the adjacent modes, which is 
shown as the length A-B in Fig, 3B. The wavelength 
interval is determined by the laser active length of 
750 jam. 

Referring to Fig. 3C, another spectrum diagram is 
shown for a conventional laser device having a total 
length of 800jim and comprising a pair of non-current 
areas, into which current is not injected, in the vicinity of 
the facets of the laser device. Each of the non-current 
areas has a 25nm length in the direction of the optical 
axis of the laser device, wherein the spectrum is meas- 
ured under a bias current of 0.9 times the threshold cur- 
rent. Although the spectrum has a mound at a 
wavelength of 972nm roughly reflecting the gain profile 
of the active layer, a plurality of ripples are superim- 
posed on the Fabry-Perot modes, such as observed in 
Fig. 3A. 

Referring to Fig. 3D showing an enlarged profile of 
Fig. 3C, similarly to Fig. 3B, in the vicinity of 972nm 
wavelength, a plurality of ripples are observed, which 
have a longer wavelength interval than the interval 
0.1 7nm of the Fabry-Perot modes defined by the laser 
active length of 800fim, in addition to the Favbry-Perot 
modes similar to those in Fig. 3C. 

In a semiconductor laser device which does not 
have a non-current area into which current is not 
injected, when the injected current is increased in the 
current injection area after the start of the lasing opera- 
tion, the gain profile shifts toward the smaller wave- 
length, and lasing selectively at one of the Fabry-Perot 
modes which is nearest to the peak gain wavelength in 
the direction of lower wavelength. The wavelength inter- 
val of the hopping modes is 0. 1 8nm which is determined 
by the laser active length of 750^m. 

On the other hand, a semiconductor laser device 
having a non-current area into which current is not 
injected, when the injected current is increased after the 
start of the lasing operation, although the gain profile 
shifts toward the lower wavelength, lasing wavelength 
does not change until the peak gain wavelength 
approaches to the mode peak adjacent to the moderate 
ripple, and does change at that peak suddenly. 

It was observed that the change of the wavelength 
when the mode hopped to the peak wavelength adja- 
cent to the moderate ripple was about 3nm, which coin- 
cided with the wavelength interval of the moderate 
ripples. Thus, it can be said that the mode hopping of 
the semiconductor laser device was closely related to 
the spectrum below the threshold. 

Referring to Fig. 4, a semiconductor laser device 
according to a first embodiment of the present invention 
comprises a pair of non-current areas at both the facets 
of the laser device, into which current is not injected, 
and which has a slanting interface with respect to the 
facets of the laser device. The average length of the 



non-current area is roughly 25*im as viewed in the 
direction of the optical axis of the laser device. 

The laser device of Fig. 4 can be fabricated as fol- 
lows. First, an n-AlGaAs lower cladding layer 12, a first 

5 AIGaAs separate-confinement-heterostructure (SCH) 
layer not shown, an InGaAs quantum well active layer 
1 3, a second AIGaAs SCH layer not shown, a p>-AIGaAs 
upper cladding layer 14, and a p-GaAs contact layer 15 
are consecutively formed on an n-GaAs substrate 1 1 . 

10 By selectively etching the layers from a top portion 
of the p-GaAs contact layer 15 to the upper cladding 
layer 14, a ridge stripe 16 extending in the direction of 
the optical axis of the laser device is formed. Subse- 
quently, top and bottom electrodes 17 and 18 were 

15 selectively deposited on the top surface and bottom sur- 
face, respectively, of the resultant wafer, followed by 
selectively etching the contact layer 15 of the ridge 
structure 16, whereby the contact layer 15 exposed 
from the top electrode 1 7 is entirely removed, to obtain 

20 the laser device 10 of Fig. 4. 

In the laser device, both the end surfaces 17A and 
1 7B of the top electrode 1 7, as viewed in the direction of 
the optical axis, are slanted from the plane normal to the 
stripe 16 by an angle of about 10° for defining the inter- 

25 faces between the current injection area, in which cur- 
rent is injected, and the non-current area, into which 
current is not injected, by the end surface 17A and 17B. 
In the present embodiment, the end surfaces 17A and 
17B extend parallel to each other. The laser device was 

30 actually fabricated as samples which had a length of 
800nm. 

Referring to Fig. 5. the detail of the spectrum of the 
samples of the semiconductor laser device of Fig. 4 is 
shown under a bias current of 0.9 times the threshold, 

35 similarly to Figs. 3B and 3D. In Fig. 5, it will be under- 
stood that the curve of the Fabry-Perot modes is 
improved to be flat as compared to Fig. 4D and the 
moderate ripples are removed in the curve, which is due 
to the structure of the present embodiment wherein the 

40 boundary of the current injection area and the non-cur- 
rent area is slanted by about 1 0° from the plane normal 
to the stripe within the active layer. 

The wavelength interval "d* of the mode hopping 
after the start of the lasing operation was 0.1 7nm, which 

45 coincided with the interval determined by the length 
800jim of the laser device. The fabricated laser device 
exhibited a high resistance against the COD failure, and 
maintained the advantages of the laser device having a 
non-current area into which current is not injected. 

so In the above embodiment the non-current areas 
are formed by removing the top electrode in the vicini- 
ties of the facets of the laser device. The non-current 
areas can be formed in the present invention by other 
structures, such as shown in Fig. 6 which shows a mod- 

55 ification of the first embodiment. The laser device of Fig. 
6 is fabricated by forming a ridge stripe 16, and forming 
a pair of dielectric film patterns 21 on both the end por- 
tions of the ridge stripe 16. each of the film patterns 21 
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having a proximal end surface slanted from the plane 
normal to the ridge stripe 16. The slanted end surfaces 
of the dielectric film patterns 21 define the slanted inter- 
faces 17A and 17B between the current injection area 
and the non-current areas. In this structure, the top 
electrode may be formed on the entire surface of the 
ridge stripe. 

In the structures shown in Figs. 4 and 6, both the 
interfaces between the current injection area and the 
non-current area extend parallel to each other. How- 
ever, both the interfaces need not extend parallel to 
each other, and may be disposed in symmetry with each 
other with respect to a transverse center line of the ridge 
stripe, as shown in the another modification of Fig. 7, or 
else, the interfaces may have different angle from the 
plane normal to the ridge stripe. Further, the non-cur- 
rent area may be disposed at one of the facets of the 
ridge stripe, and preferably at the output facet of the 
ridge stripe. 

Fig. 8 shows a top plan view of a semiconductor 
laser device according to a second embodiment, and 
Figs. 9A and 9B are sectional views taken along line A- 
A' and B-B\ respectively, in Fig. 8. The laser device 30 
of the present embodiment is of a buried structure hav- 
ing a pair of end areas in which a portion of the active 
layer is not formed, to obtain a window-type active layer. 

The laser device of the present embodiment is fab- 
ricated as follows. First, an n-AIGaAs lower cladding 
layer 32, a first SCH layer not shown, an InGaAs quan- 
tum well active layer 33, a second SCH layer not shown, 
a p-AlGaAs cladding layer 34, and a p-GaAs cap layer 
are consecutively formed or an n-GaAs substrate 31 . 
Subsequently, layers from a top portion of the lower 
cladding layer 32 to the cap layer are selectively etched 
using a SiN mask etc, as shown in Fig. 8, to leave a 
stripe of the quantum well active layer 33 having a pair 
of slanted facets 33A and 33B which are slanted from 
the plane normal to the optical axis by 15°. With the SiN 
mask remaining on the structure, an n-AIGaAs current 
confinement layer 35 and a p-AIGaAs cladding layer 36 
are then consecutively grown on the sides of the active 
layer 33 for burying the active layer. Next, after removing 
the SiN mask, an additional p-AIGaAs cladding layer 36 
and a GaAs contact layer 37 are consecutively grown, 
followed by forming a top electrode 38 and a bottom 
electrode 39 on both surfaes of the resultant wafer. 

Samples of the semiconductor laser device of the 
present embodiment were fabricated and subjected to 
tests for the characteristics thereof. The samples 
showed the wavelength interval of the mode hopping 
defined by the length of the laser device, and accord- 
ingly, a stable lasing operation can be obtained, 
although conventional laser devices of the window type 
having interfaces normal to the optical axis showed 
larger wavelength interval of the mode hopping. 

It will be understood that materials for the semicon- 
ductor laser device of the present invention are not lim- 
ited to the specific examples as recited above, and may 



be materials such as InP, GaP, GaN. and compound 
semiconductors containing these materials. In laser 
devices having either of the materials as recited above 
has a high resistance against a COD failure and oper- 

5 ates in a stable lasing mode. 

Since the above embodiments are described only 
for examples, the present invention is not limited to the 
above embodiments and various modifications or alter- 
ations can be easily made therefrom by those skilled in 

w the art without departing from the scope of the present 
invention. 

Claims 

75 1 . A semiconductor laser device comprising a current 
injection area into which current is injected through 
adjacent portion of a cladding layer and at least one 
non-current area into which current is not injected 
through adjacent portion of said cladding layer, said 

20 current injection area and said non-current area 
being consecutively disposed along a stripe of a 
semiconductor active layer, characterized in that: 

said current injection area (1) and said non- 
current area (2) define an interface (2A, 2B) slanted 

25 from a plane normal to said semiconductor active 
layer (4). 

2. A semiconductor laser device as defined in claim 1 , 
wherein said non-current area (2) is disposed in a 

30 vicinity of at least one facet of said stripe (4). 

3. A semiconductor laser device as defined in claim 1 
or 2, wherein said interface (2A, 2B) is defined by 
an end (17A, 17B) of one of said pair of electrodes 

35 (1 7, 1 8), as viewed in the direction of said stripe (4). 

4. A semiconductor laser device as defined in claim 1 
or 2, further comprising a dielectric film (21) inter- 
posed between one of said electrodes and said 

40 cladding layer, wherein said interface is defined by 
an end of said dielectric film (21). 

5. A semiconductor laser device as defined in claim 1 
or 2, wherein said interface (33A, 33B) is defined by 

45 a facet of said semiconductor active layer (33). 
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FIG. 3A 
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